The effect of glucocorticoids on the intestinal transport of water, electrolytes, and glucose in the infancy period is not known. Therefore, we studied the effect of parenteral glucocorticoids on intestinal transport of water, electrolytes and glucose in suckling rats with an in si11o single pass perfusion technique. Clucocorticoids enhanced significantly net sodium transport only in the colon segments compared to controls. Net sodium transport in the small intestinal segments was similar in glucocorticoid and control groups. Similar to adult animals, glucocorticoids enhanced glucose transport in the ileum, but not in jejunum segments. Net potassium absorption was decreased five-fold in jejunum segments and reversed to net secretion in the ileum and colon segments by glucocorticoids. These results are the first to extend the known effects of glucocorticoids into the infancy period.
Summary
The effect of glucocorticoids on the intestinal transport of water, electrolytes, and glucose in the infancy period is not known. Therefore, we studied the effect of parenteral glucocorticoids on intestinal transport of water, electrolytes and glucose in suckling rats with an in si11o single pass perfusion technique. Clucocorticoids enhanced significantly net sodium transport only in the colon segments compared to controls. Net sodium transport in the small intestinal segments was similar in glucocorticoid and control groups. Similar to adult animals, glucocorticoids enhanced glucose transport in the ileum, but not in jejunum segments. Net potassium absorption was decreased five-fold in jejunum segments and reversed to net secretion in the ileum and colon segments by glucocorticoids. These results are the first to extend the known effects of glucocorticoids into the infancy period.
Speculation
The lack of enhancement in intestinal sodium t r a n s~o r t with glucocorticoids in the suckling rat may suggest a maturational heno omen on. It is oossible that a steroid sensitive mechanism in ;he adult animal iitestine has not yet appeared in the suckling intestine.
Parenteral administration of glucocorticoids to adult rats has been shown to stimulate sodium and water absorption and potassium secretion in jejunum, ileum, and colon (1.2). The maturation of the suckling rat intestine has been demonstrated to have a glucocorticoid-sensitive period during the third wk of life (7) . Maturation of intestinal sucrase and maltase appears to be dependent on a physiologic rise in plasma corticosterone level, which occurs on day 14 of life (5) . In addition, glucocorticoids given before this time hasten the intestinal maturation of these enzymes (6) . To define the functional role of glucocorticoids on intestinal transport, the current studies were designed. An in vivo single pass perfusion technique was used to determine normal salt, water, and glucose absorption in the suckling period and the effect of methylprednisolone on this maturation.
MATERIALS A N D METHODS
Pregnant Sprague-Dawley rats were obtained from Harlan Indusfries (Indianapolis, IN). After birth, rat pups were distributed among mothers to maintain litter size at seven to nine pups until the time of the study. Animals were raised under usual laboratory conditions. Methylprednisolone (Solu Medrol, UpJohn) 30 mg/kg per day was given as a daily intraperitoneal injection on days 11, 12. 13. The last injection was given 15 h before perfusion. Control animals were similarily injected with an equal volume of saline. At the time of study (14th day of life), unfasted rats were anesthetized with intraperitoneal injection of an ethylurea-phenobarbital mixture. After opening the abdominal cavity, 15-20 cm segments of jejunum, ileum, and the entire colon excluding the cecum were isolated, cannulated. flushed with 20 ml of warm normal saline and then with 20-30 ml of air. The jejunal segments extended from a point just distal to the ligament of Treitz to 15-20 cm aborad. The ileum segment extended from the ileocecal valve to 15-20 cm orad. The colon segment included the entire colon. The cal,.!ulated segments were then returned to the abdominal cavity. Body temperature of the rats was maintained at 36-37OC at all time during perfusion. The cannulated segments were perfused in situ with solutions containing per liter: 115 mmoles sodium chloride, 25 mmoles sodium bicarbonate, 5 mmoles potassium chloride, and 30 mg phenol red (as a nonabsorable marker for volume changes) with pH adjusted to 7.0 with 0.1 N sodium hydroxide. A second group of animals was perfused with an identical solution, but with 20 mM D-glucose added to the perfusion fluid. The osmolalities of the solutions were 280 and 300 milliosm/kg respectively. After the start of perfusion, a 30-min period was allowed for attainment of steady state conditions. Perfusates were then collected during the next three consecutive 20-min periods. At the end of the perfusion periods, the perfused segments were stripped from the-mesentery and wet weights weredetermined after expressing the contents gently with forefingers. The segments were then dried in a vacuum oven at 95OC for 24 h and the dry weight was determined. Phenol red in the perfusion solutions and perfusates was determined by Spectro-photometer with a previously described method (I I). Previous recovery studies of phenol red in the suckling rats showed -97-98% recovery of total phenol red perfused (I I, 13). Sodium and potassium concentrations were determined with a flame photometer (Instrumentation Lab,ratory, Inc.). Glucose concentrations were determined using glucose oxidase method (Statzyme Glucose, Worthington Diagnostics).
Disappearance of sodium. potassium or glucose from the lumen was taken to indicate net absorption (positive values) and addition to the luminal fluid was taken to indicate secretion (negative values). The calculations are shown below:
Where V is volume perfused in each segment in m1/20 mins; Na is total concentration of Na as pmoles/ml; PR is phenol red concentration in pg/ml. Subscripts i and f refer to initial values (i) in the perfusion fluid before perfusion and in the perfusate collected (f), respectively. Net glucose and potassium transport was calculated in a similar manner. Net water transport was determined as follows:
New water transport m1/20 min = Vi (1 -PRi/PRf) Absorption rates at 20-min periods did not vary more than 20% within each rat indicating a steady state. They were added to obtain amount absorbed per h. In order to compare transport rates in segments that varied somewhat in length and weight, the quantities transported were expressed per unit dry weight. This transport rate indicated "absorptive specific activity" of the perfused segment.
Statistical analysis. The unpaired Student's t test was used for statistical comparison of differences between mean values obtained for the rats of control and steroid injected groups. A P value (8) of less than 0.05 was considered to indicate a statistically significant difference between two mean values.
RESULTS
Mean body weights and measurements of the perfused jejunum, ileum, and colon in suckling (14-day-old) rats of both steroidinjected and control groups are shown in Table I . Mean body weight in steroid-treated group were significantly less than corresponding mean values in control. Similar observation was noted in a previous study (15) . Measurements of the intestinal segments were similar in both groups.
Effect of glucocorticoids on sodium absorption. Net sodium absorption from jejunum, ileum, and colon in control and glucocorticoid-treated suckling rats is shown in Table 2 . Initial analysis of sodium absorption by group containing glucose in the perfusion fluid and no glucose showed virtually identical sodium absorption; thus, these groups are combined in the table. Methylprednisolone caused significant increase in sodium absorption only in the colon segment ( P < 0.0'1). Net sodium absorption in the small intestinal segments were similar in control and steroid-treated rats.
Effect of glucocorticoids on water flow. Net water absorption from each intestinal segment in control and glucocorticoid-treated suckling rats is shown in Table 3 . Again, the presence or absence " Mean values in the steroid-treated group is significantly less than corresponding mean value in the control group P < 0.01. Mean values in the steroid-treated rats are significantly different than corresponding mean values in control rats P < 0.01. ' Mean values in the steroid-treated rats are significantly different than corresponding mean values in the control rats P < 0.01. of glucose in the perfusion fluid had no effect on the net volume of water absorbed and the data from all groups of animals are combined. Methylpredisolone had no effect on net water movement in all segments studied. Effect of gl~cocorticoids on potassium absorption. Table 4 shows net ~otassium transDort in the intestinal segments of control and " steroid-treated rats. In control suckling rats, potassium absorption occurred from all intestinal segments. In the steroid-treated group, potassium absorption decreased significantly in the jejunal segments and reversed to net secretion in the distal and colon segments.
Effect of glucocorticoids on glucose absorption. Table 5 shows the effect of methylprednisolone on glucose transport. Net glucose absorption in the jejunal segments were significantly greater than corresponding mean values in the ileal segments ( P < 0.01). In the ileal segments of steroid-treated groups, mean net glucose transport was significantly greater than corresponding mean values in the control segments ( P < 0.05). In the jejunal segments net glucose transport was similar in both steroid and control groups.
DISCUSSION
The concentration of total corticosterone in the rat plasma shows a developmental pattern (5) . The concentration of total plasma corticosterone is less than 0.5 pg/dl from day 6 through day 12. By day 17 the concentration reached 5 &dl. Peak values of plasma levels of corticosterone levels may trigger certain enzymatic changes that are known to occur in both the intestine and liver during the third postnatal wk in the rat. In the absence of this physiologic increase in steroids, enzymatic maturation is delayed (7) . In addition, precocious appearance of certain intestinal brush border enzymes such as sucrase occurs with glucocorticoid administration as early as the ninth day of life in the rat (6) .
During the same developmental period, maturational changes in intestinal transport of calcium (4), magnesium (10) . and zinc (9) also occur. Transport rates of these minerals are several-fold greater in the suckling period compared to the adolescent period. The decrease in transport rates presumably reflect a maturational change in the membrane permeability. This change in permeability coincides with the physiologic rise in serum corticosterone and with maturation of glucocorticoid-dependent enzymes; however, before the present study, the effect of corticosteroids on the transport of water, electrolytes and glucose in the suckling rat has not been known.
Glucocorticoids given to adult rats as methylprednisolone, 30 mg/kg of body weight for 3 days, resulted in significant enhancement of water and sodium absorption and potassium secretion in ' Results are expressed as ml/g dry wt of segments per h + S.E. segments of small and large intestine. These changes in transport were associated with an increase in potential differences and Na-K-ATPase activity in all intestinal segments (2).
Binder ( I) showed that a second glucocorticoid, dexamethasone, given parenterally for 3 days increased water and sodium absorption and potassium secretion in adult rat colon. Again, potential difference and Na-K-ATPase activity were increased. Binder showed increasing colonic response with increasing dexamethasone dosage. with initiation of changes within 3 h of the steroid and persisting for 24 h. Because the colon was sensitive to very low dexamethasone dose. the hypothesis has been suggested that glucocorticoids play a physiologic role in colonic (and perhaps small intestinal) salt and water transport (3) .
The present study demonstrated that methylprednisolone en-
The effect of methylprednisolone on intestinal glucose transport was similar to that seen in adult rats (2). Glucose transport was significantly enhanced only in the ileal segment. There was no difference between net glucose transport in the jejunal segments of control and steroid treated suckling rats.
The present study extends to the suckling period the previously shown effect of glucocorticoids on sodium transport in adult rat colon; however, no effect on sodium transport in the small bowel could be demonstrated. Glucocorticoid effect on potassium secretion and on glucose absorption also appear to be similar in the suckling and adult rat.
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